The larvae of the mangrove sesarmid crab Neosarmatium trispinosum Davie, 1994, were reared in the laboratory. Five zoeal stages and one megalopa are described in detail and illustrated. Morphologically, the zoea larvae of N. trispinosum are similar to those of other species of Neosarmatium in that they share most of the following characters: no lateral carapace spines; 1þ5, 5, and 0þ1þ6 setae on the endopods of the maxillule, the maxilla, and the second maxilliped, respectively; uniform setal formula on the basis of the first (2,2,3,3) and the second (1,1,1,1) maxilliped. The differences between the zoeae and the megalopae of N. trispinosum and those of its congeners are discussed briefly.
Edwards, 1853), from which it can be easily separated by the shape and position of the teeth on the upper margin of the dactyl of the male cheliped (Davie, 1994) . All records of N. smithi from the coast of Queensland, Australia, including published ecological studies, refer to N. trispinosum (Davie, 1994) .
Within this genus, larval morphology has been described for the following species: N. indicum (A. Milne-Edwards, 1868) by Islam et al. (2002) ; N. meinerti (De Man, 1887) by Pereyra Lago (1989, as Sesarma meinerti); and only the first zoea of N. trispinosum by Greenwood and Fielder (1988, as S. smithi) . The complete larval development of N. trispinosum is unknown, in spite of the species' importance in mangrove ecosystems. The aim of this study is to describe the complete larval development of N. trispinosum in detail and to compare larval characters with those of its known congeners.
MATERIALS AND METHODS
An ovigerous specimen of Neosarmatium trispinosum measuring 34 mm in carapace length and 37 mm in carapace width was captured by hand from a burrow in the Shimajiri mangrove swamp of Miyako Island (268209-268309N, 1288109-1288209E), southern Okinawa, Japan, on 3 August 2001. The crab was brought to the Laboratory of Fisheries Biology, University of the Ryukyus, Okinawa, and maintained in a plastic trough containing sea water of 16 6 1& salinity and 28.5 6 0.38C (27.38-29.78C ) with moderate aeration to supply air and to circulate the sea water. The sea water was changed daily until hatching. The female was fed with ''Tetra Fin (small dry fish)'' and aged mangrove leaves (brown leaves of Bruguiera gymnorrhiza, just fallen from the three).
Hatching occurred within 18 days after collection. Among the newly hatched larvae, the most photopositive zoeae were mass-reared under the same conditions as the female, using gently aerated 10-liter capacity plastic bowls (5, about 200 larvae/bowl). Zoeae were fed daily with newly hatched nauplii of Artemia sp. (about 12-15 nauplii/ml). In addition, finely chopped meat of the short-necked clam (Ruditapes philippinarum) was fed to the megalopa. Water and food were changed daily, and the larvae were checked for moulting. Salinity was obtained by dilution of filtered natural sea water from the Nakagusuku Bay (35&), Okinawa, with dechlorinated tap water.
Specimens used for dissection and identification of stages were preserved in 50% ethylene glycol solution. Larvae were dissected under a stereomicroscope (Nikon SMZ-10) by using the fine entomological needles. Drawings and measurements were made with a profile projector (Nikon Profile Projector V-12) and a compound microscope (Nikon FDX-35) equipped with a drawing tube. At least five specimens of each stage were examined. The chromatophore pattern was determined by observing live larvae.
Methods for measurements of larval stages, descriptions of setal arrangements, and terminology were adapted from Clark et al. (1998 ), Hong (1988 , Ingle (1991) , Konishi and Shikatani (1998), Pereyra Lago (1989) , Pohle and Telford (1981) , and Rice (1979 Rice ( , 1980 . Measurements of rostrodorsal length (RDL) of the zoeae; carapace length (CL) of the zoeae and the megalopae; carapace width (CW) of the zoeae and the megalopae; rostral spine length (RL), dorsal spine length (DL), antennal protopod length (AP), antennal endopod length (AEn), and antennal exopod length (AEx) of the zoeae follow those of Islam et al. (2002) . The morphology of the first zoea is described in detail, but only morphological changes are given for subsequent zoeal stages.
Appendage segments are described from proximal to distal, endopod to exopod, and somites from anterior to posterior. All appendages illustrated in the figures are from the same specimen. Specimens of all larval stages and the spent female have been deposited in the Ryukyus University Museum Fujukan (RUMF-ZC-20), Okinawa, Japan.
RESULTS
Hatching of Neosarmatium trispinosum larvae occurred on the morning of 21 August 2001, and the larvae reached the megalopal stage on 13 September after passing through five zoeal stages. A few megalopae moulted to the first crab stage; unfortunately, they all died within 18-24 hours. Measurements of morphological features of the zoeae and the megalopae are summarized in Table 1 .
Color by chromatophore pattern: Brownish or pinkish gray chromatophores on posterior base of dorsal carapace spine, posterolateral surface of carapace, basally on first and second maxillipeds, basally on pereiopod buds of fourth and fifth zoeae, second to last abdominal somites, mandibles, and telson. This chromatophore pattern was seen in all zoeal stages. Description Neosarmatium trispinosum Davie, 1994 Figs. 1-8
First Zoea Carapace (Fig. 1A ).-Subtriangular, smooth, extended posterolaterally. Rostral spine of similar length to dorsal spine, straight, smooth, tapered, directed downwards and slightly forward. Dorsal spine less than half of carapace, smooth, tapering uniformly to a point and Antennule ( Fig. 2A ).-Uniramous. Endopod absent. Exopod unsegmented, with 1 short terminal simple seta and 3 aesthetascs of similar length. Antenna (Fig. 2B ).-Protopod the same length as rostral spine, about twice as long as exopod, tapering distally, with 2 rows of spinules. Endopod absent. Exopod with 2 unequal terminal simple setae.
Mandible (Fig. 2C ).-Molar and incisor processes differentiated with irregularly dentate cutting edge. Endopod absent.
Maxillule (Fig. 2D ).-Coxal endite with 5 (1 plumodenticulate cuspidate, 4 plumodenticulate) setae. Basial endite with 5 (2 plumodenticulate cuspidate, 3 plumodenticulate) setae. Endopod 2-segmented, proximal segment with 1 simple seta; distal segment with 5 (1 subterminal simple, 4 terminal sparsely plumose) setae. Exopod and epipod setae absent. Maxilla (Fig. 2E ).-Coxal endite bilobed, with 5þ3 plumodenticulate setae. Basial endite bilobed, with 5þ4 plumodenticulate setae. Endopod bilobed, with 2þ3 sparsely plumose setae. Scaphognathite (exopod) with 4 highly plumose setae and an elongate distal process.
First Maxilliped (Fig. 2F ).-Coxa with 1 plumodenticulate seta. Basis with 10 median plumodenticulate setae arranged 2,2,3,3.
Endopod 5-segmented, with 2,2,1,2,5 (1 subterminal, 4 terminal) setae. Exopod 2-segmented, proximal segment without setae; distal segment with 4 terminal natatory plumose setae.
Second Maxilliped (Fig. 2G ).-Coxa without setae. Basis with 4 medial plumodenticulate setae arranged 1,1,1,1. Endopod 3-segmented, with 0,1,6 (3 subterminal, 3 terminal) setae. Exopod 2-segmented, proximal segment without setae; distal segment with 4 terminal natatory plumose setae.
Third Maxilliped.-Absent.
Pereiopods.-Absent.
Abdomen (Figs. 1A, 2H ).-Five somites. Somites 2 and 3 widths equal to lengths. Somites 4 and 5 lengths greater than widths. Somite 1 without setae. Somite 2 and 3 each with pair of dorsolateral processes, forwardly directed on somite 2, backwardly directed on somite 3. Somites 2-5 each with pair of posterodorsal setae. Pleopods and uropods absent.
Telson (Figs. 1A, 2H ).-Bifurcated, with 3 pairs of serrulate setae on posterior margin. Two strong, straight cornua slightly curved dorsally on distal section, dorsal surface with 2 rows of small teeth. Carapace (Fig. 1B ).-Now with 2 pairs of dorsomedian setae. Anterior and posterior plumose seta present on each ventral margin. Eyes stalked.
Antennule (Fig. 3A ).-Exopod now with 4 aesthetascs. Otherwise unchanged.
Antenna (Fig. 3B ).-Unchanged.
Mandible (Fig. 3C ).-Unchanged. Maxillule (Fig. 3D ).-Basial endite with 7 (3 plumodenticulate cuspidate, 4 plumodenticulate) setae. Exopod plumose seta now present. Otherwise unchanged.
Maxilla (Fig. 3E ).-Coxal endite bilobed, now with 5þ3 plumodenticulate setae. Scaphognathite now with 8 plumose setae separated into 2 groups, 5 anterior and 3 posterior setae. 
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Elongated distal process reduced. Otherwise unchanged.
First Maxilliped (Fig. 3F ).-Exopod distal segment now with 6 terminal natatory plumose setae. Otherwise unchanged.
Second Maxilliped (Fig. 3G ).-Exopod distal segment now with 6 terminal natatory plumose setae. Otherwise unchanged.
Third Maxilliped (Fig. 1B ).-Present as small bud. Pereiopods (Fig. 1B) .-Present as small bud.
Abdomen (Figs. 1B, 3H ).-Somite 1 with 1 dorsomedian plumose seta. Otherwise unchanged.
Telson (Figs. 1B, 3H ).-Unchanged.
Third Zoea
Carapace (Fig. 1C ).-Each ventral margin with 3 plumose setae. Otherwise unchanged.
Antennule (Fig. 4A ).-Unchanged.
Antenna (Fig. 4B ).
-Endopod bud present, 1 / 3 as long as protopod. Otherwise unchanged.
Mandible (Fig. 4C ).-Molar and incisor processes joined, with 4 small teeth.
Maxillule (Fig. 4D ).-Unchanged.
Maxilla (Fig. 4E ).-Scaphognathite now with 12 plumose setae separated into 2 groups, 8 anterior and 4 posterior setae. Otherwise unchanged.
First Maxilliped (Fig. 4F ).-Exopod distal segment with 8 terminal natatory plumose setae. Otherwise unchanged.
Second Maxilliped (Fig. 4G ).-Exopod distal segment with 8 terminal natatory plumose setae. Otherwise unchanged.
Third Maxilliped (Fig. 4H ).-Biramous bud.
Pereiopods (Fig. 4I ).-Developed, chela bilobed.
Abdomen (Figs. 1C, 4J ).-Now with 6 somites. Somite 6 broader than long, without setae. Pleopod present as small bud on somites 2-5; endopods absent; small uropod buds on somite 6. Otherwise unchanged.
Telson (Figs. 1C, 4J ).-Apparent length reduced by formation of somite 6. Otherwise unchanged.
Fourth Zoea
Carapace (Fig. 1D ).-One pair of simple setae on dorsal spine. Each ventral margin now with 4 plumose setae. Otherwise unchanged.
Antennule (Fig. 5A ).-Exopod now with 4 terminal aesthetascs and 2 (1 subterminal, 1 terminal) simple setae.
Antenna (Fig. 5B ).-Endopod half as long as protopod. Otherwise unchanged.
Mandible (Fig. 5C ).-Unchanged.
Maxillule (Fig. 5D ).-Coxal endite now with 6 (2 plumodenticulate cuspidate, 4 plumodenticulate) setae. Basial endite now with 10 (5 plumodenticulate cuspidate, 5 plumodenticulate) setae. Epipod seta now present. Otherwise unchanged.
Maxilla (Fig. 5E ).-Basial endite now with 5þ5 plumodenticulate setae. Scaphognathite now with 16 plumose setae separated into 2 groups, 11 anterior and 5 posterior setae. Otherwise unchanged.
First Maxilliped (Fig. 5F ).-Endopod segments now with 2,2,2,2,6 setae. Distal segment of endopod with 6 (2 subterminal, 4 terminal) setae. Exopod distal segment with 10 terminal natatory plumose setae. Otherwise unchanged.
Second Maxilliped (Fig. 5G ).-Exopod distal segment with 10 terminal natatory plumose setae. Otherwise unchanged.
Third Maxilliped (Fig. 5H ).-Biramous; endopod, exopod, and epipod buds differentiated. Otherwise unchanged.
Pereiopods (Fig. 5I ).-Buds (first-fifth) more elongate, segmented incompletely, chela clearly bilobed. Otherwise unchanged.
Abdomen (Figs. 1D, 5J ).-Somite 1 now with 2 dorsomedian plumose setae. Pleopod buds on somites 2-5 further developed. Uropod present as small buds on somite 6. Otherwise unchanged.
Telson (Figs. 1D, 5J ).-Unchanged.
Fifth Zoea
Carapace (Fig. 1E ).-Dorsal spine now with 2 pairs of setae. Each ventral margin with 5 plumose setae. Otherwise unchanged.
Antennule (Fig. 6A ).-Now with 6 (2 subterminal, 4 terminal) aesthetascs and 2 (1 subterminal, 1 terminal) simple setae. Endopod present as small bud.
Antenna (Fig. 6B ).-Endopod more than half as long as protopod.
Mandible (Fig. 6C ).-Endopod palp present as small bud. Otherwise unchanged.
Maxillule (Fig. 6D ).-Coxal endite with 7 (3 plumodenticulate cuspidate, 4 plumodenticulate) setae. Basial endite with 12 (5 plumodenticulate cuspidate, 7 plumodenticulate) setae. Otherwise unchanged.
Maxilla (Fig. 6E ).-Coxal endite now with 8þ4 plumodenticulate setae. Basial endite now with 7þ6 plumodenticulate setae. Scaphognathite with 24 plumose setae.
First Maxilliped (Fig. 6F ).-Exopod distal segment with 11 terminal natatory plumose setae. Otherwise unchanged.
Second Maxilliped (Fig. 6G ).-Exopod distal segment with 12 terminal natatory plumose setae. Otherwise unchanged.
Third Maxilliped (Fig. 6H ).-Well developed, segmentation apparent. Endopod segmented. Exopod distal segment with 3 small terminal setae. Epipod with 3 terminal setae.
Pereiopods (Fig. 6I ).-Well developed, 5-segmented, cheliped distinct.
Abdomen (Figs. 1E, 6J ).-Somite 1 now with 3 dorsomedian plumose setae. Pleopods on somites 2-5 well developed, endopod buds present. Otherwise unchanged.
Telson (Figs. 1E, 6J ).-Unchanged. Megalopa Carapace (Fig. 7A ).-Subrectangular, smooth. Longer than broad, narrowing anteriorly. Orbicular edge wide, smooth. A number of small simple setae scattered on dorsal surface and on posterior margin. Eyes larger than the last zoeal stage.
Antennule (Fig. 8A ).-Peduncle 3-segmented, enlarged proximal segment with 2 plumose and 1 simple setae; second segment with 1 simple seta; distal segment with 1 sparsely plumose seta. Endopod absent. Flagellum 3-segmented, proximal segment without setae; second segment with 5 aesthetascs and 1 simple seta; distal segment with 5 aesthetascs.
Antenna (Fig. 8B ).-Peduncle 3-segmented with 1,1,2 setae. Flagellum 6-segmented with 0,2,1,4,2,3 setae.
Mandible (Fig. 8C ).-Molar process with sharp cutting edge. Endopod palp 2-segmented: proximal segment without setae; distal segment with 4 simple setae.
Maxillule (Fig. 8D ).-Coxal endite with 10 plumodenticulate setae. Basial endite with 15 plumodenticulate setae. Endopod 2-segmented, proximal segment with 2 sparsely plumose setae; distal segment with 2 simple and 2 sparsely plumose setae. Exopod with 2 long sparsely plumose setae.
Maxilla (Fig. 8E ).-Coxal endite with 10þ4 plumodenticulate setae. Basial endite with 6þ6 plumodenticulate setae. Endopod unsegmented, with 1 simple seta subterminally. Scaphognathite with 36 plumose setae on margin and 3 simple setae on lateral surface.
First Maxilliped (Fig. 8F ).-Coxal endite with 7 plumodenticulate setae. Basial endite with 11 plumodenticulate setae. Endopod unsegmented, with 2 terminal simple and 1 subterminal sparsely plumose setae. Exopod 2-segmented, proximal segment with 3 plumose setae distolaterally; distal segment with 4 long plumose setae terminally. Epipod triangular, with 6 sparsely plumose setae.
Second Maxilliped (Fig. 8G ).-Two basal plumodenticulate setae. Endopod 4-segmented, proximal segment without setae; second segment with 1 plumose seta; third segment with 3 plumodenticulate setae; distal segment with 6 plumodenticulate setae. Exopod 2-segmented, proximal segment with 1 simple seta; distal segment with 5 long plumose setae terminally. Epipod absent.
Third Maxilliped (Fig. 8H ).-Endopod 5-segmented, proximal segment with 8 plumodenticulate setae; second segment with 2 simple and 5 plumodenticulate setae; third and fourth segments each with 1 simple and 3 plumodenticulate setae; distal segment with 6 plumodenticulate setae. Exopod 2-segmented, proximal segment with 1 simple seta; distal segment with 4 plumose setae terminally. Coxa and basis fused. Protopod with 6 plumodenticulate setae. Epipod elongate, with 12 sparsely plumose setae.
Pereiopods (Fig. 7B-F) .-Chelipeds unequal, with spine directed ventrally on ischium, chela with frontal tooth and irregular cutting edge. Pereiopods 2-4 similar in structure, dactyls tapering distally, slightly curved ventrally, with several scattered plumodenticulate and simple setae on surfaces. Dactyls of pereiopod 5 with 3 long terminal serrate setae, surface with several scattered plumodenticulate and simple setae.
Abdomen (Fig. 7A, G) .-Six somites. Somites 2-5 each with posterior sharp pointed ventrolateral projections. Posterior margin of somite 6 rounded, smooth. Somites 1-6 with 3,4,6,8,8,3 pairs of simple setae on dorsal surface.
Pleopods (Fig. 7I-L) .-Biramous. Endopod of pleopods 1-4 each with 2 cincinnuli distolaterally. Exopod of pleopods 1-4 with 14,14, 13,11 plumose setae.
Uropod (Fig. 7H ).-Two-segmented, proximal segment with 1 external lateral plumose seta; distal segment with 6 plumose setae.
Telson (Fig. 7A, H ).-Posterior margin oval shaped, smooth, width greater than length, distinctly longer than somite 6, with 7 simple and 2 plumose setae medially on posterior margin.
DISCUSSION
The use of larval characters as an additional systematic tool is being increasingly accepted and applied by taxonomists (Cuesta and Anger, 2001) . It helps to clarify the phylogenetic relationships among decapods (Rice, 1980; Clark and Webber, 1991; Clark and Galil, 1998; Marques and Pohle, 1995; Ng and Clark, 2000; Schubart et al., 2000 Schubart et al., , 2002 Cuesta et al., 2001) . The number of zoeal stages differs from genus to genus in the family Sesarmidae (Schubart et al., 2000 (Schubart et al., , 2002 . Five zoeal stages are the most frequent in known sesarmid genera, including Neosarmatium (Pereyra Lago, 1989; Islam et al., 2002) .
The larvae of Neosarmatium trispinosum are compared with published descriptions of species Table 2 . First zoea morphological characteristics in known larvae of the genus Neosarmatium. Data were obtained from previous descriptions, illustrations, and the present study. Abbreviations: A, aesthetasc; D, denticulate; HP, highly plumose; P, plumose; PD, plumodenticulate; PdC, plumodenticulate cuspidate; RDL, rostrodorsal length; S, simple; SP, sparsely plumose; Sp, spines; -, absent. All symbols except ''A'' refer to setae. References: N. indicum (Islam et al., 2002) ; N. meinerti (Pereyra Lago, 1989 as S meinerti); N. trispinosum (present study); N. trispinosum 1 (Greenwood and Fielder, 1988 as S. smithi currently assigned to the genus Neosarmatium, viz., of N. indicum and N. meinerti from hatching to megalopa. A comparison of the previous description of the first zoea of N. trispinosum (Greenwood and Fielder, 1988) and the present results is given in Table 2 . Greenwood and Fielder (1988) did not describe the setation of the carapace, and therefore this character could not be compared here; a detailed description is given in the text and figures. An important difference was found in the setation of the exopod of antennule, which has four aesthetascs in Greenwood and Fielder's material but three in the present material (Table 2) . Another difference was observed on the exopod of antenna, with two simple setae and one spine in Greenwood and Fielder's description but only two simple setae in the present description. Greenwood and Fielder's material had four plus three plumodenticulate setae on the coxal endite of the maxilla, whereas the number was five plus three plumodenticulate setae in the present description (Table 2 ).
In the first zoea, the exopod of the antenna of N. trispinosum is without spines, whereas those of N. indicum and N. meinerti are with two spines. Other morphological characters of the first zoeae of the three Neosarmatium species are similar (Table 2 ). In the second zoea, N. trispinosum differs from N. indicum by the setation on the basial endite of the maxillule and the scaphognathite of the maxilla (Table 3) . The third zoeal features of all three Neosarmatium species are similar. In the fourth and fifth zoea, differences can be seen in the setation on the exopod of the antennule and the scaphognathite of the maxilla of all the three species, namely N. indicum, N. meinerti, and N. trispinosum (Table 3) .
Zoea larvae of the genus Neosarmatium so far studied show the absence of the lateral spine on the carapace; 1þ5, 5, and 0þ1þ6 setae on the endopods of the maxillule, the maxilla, and the second maxilliped; and uniform setal formulae on the basipod of the first (2,2,3,3) and the second (1,1,1,1) maxillipeds, suggesting that the characters may be genus-specific, which, however, needs to be confirmed by studying the remaining species (Pereyra Lago, 1989; Islam et al., 2002) .
In the genus Neosarmatium, descriptions of megalopae are available only for three species (Table 4 ). The megalopae are very similar, but there are differences in the antennule, antenna, maxilla, maxillipeds, and abdominal somites (Table 4 ). The setation of the antennal flagellum is 0,2,1,4,2,3 in N. trispinosum, whereas those of N. indicum and N. meinerti are 0,2,0,4,2,3 and 0,2,1,4,1,3, respectively. The maxilla of N. indicum and N. trispinosum each have one seta on the endopod, whereas N. meinerti is without setae. There are, however, 36 plumose setae in the scaphognathite of the maxilla of N. trispinosum, whereas those of N. indicum and N. meinerti are 34 and 33 plumose seate, respectively. In the first maxilliped, there are differences in the endopod and exopod setation between N. trispinosum and the other two species. The setation pattern of the epipod of the first maxilliped of N. trispinosum is six, whereas both N. indicum and N. meinerti have five setae. In the second maxilliped, the endopod and exopod setation is similar in the three species. Megalopa of N. trispinosum can be separated from those of the other two species by the number of setae and the type of setation on the endopod, exopod, and epipod of the third maxilliped. In the abdomen, somite 1 is without setae in all three species (Table 4) . The endopod of pleopods 1-4 each have two cincinnuli in N. meinerti and N. trispinosum, whereas the number is three cincinnuli on those of N. indicum (Pereyra Lago, 1989; Islam et al., 2002) . 
